In 2 prepubertal bulls 10-min blood samples collected during a 24-h period showed that gonadotrophin and testosterone peaks occurred regularly at intervals of 6 h in one animal and 8 h in the other. There was a clear relationship between the LH, FSH and testosterone peaks. The increase of gonadotrophin levels was followed 20 \ m=+-\ 6 (s.d.) min later by an increase of testosterone; the interval between the peak values was 61\m=+-\9(s.d.) min. The pattern of prolactin concentrations differed; there were two prolonged elevations rather than regular peaks.
Introduction
Spontaneous pulses of circulating LH, closely followed by pulses of testosterone, have been observed in postpubertal bulls (Katongole, Naftolin & Short, 1971 ; Thibier & Martin, 1975; Karg et al, 1976) . We report here studies of prepubertal bulls in which we have measured, for the first time, FSH and prolactin as well as LH and testosterone concentrations. Prepubertal bulls were chosen as they were expected to give clearer information than would have been obtained from older animals because their basal levels of testosterone are quite low but are nevertheless able to rise in response to LH (Karg et al, 1976) .
Materials and Methods
Experimental conditions and blood sampling. The experiment was performed at Nairobi (Kenya) during September. The lighting was natural (05:50-17:50 h), maximum temperature was about 23°C, minimum temperature about 10-5°C, and the mean relative humidity was 84 %. Two 11-monthold British Friesian bulls were used. They were kept in a stable and fed with grass and alfalfa hay; water was always provided. The age of puberty for bulls of this breed managed in this way is 12-15 months. Additionally, prepuberty was defined according to testosterone values which were measured from birth until 2 years of age. Blood samples (10 ml) were collected, without physical contact with the animals which were in a separate room, via a long indwelling jugular catheter at 10-min intervals for a period of 24 h. Plasma was stored frozen at -20°C until assayed.
Hormone determinations. The concentrations of prolactin, LH and FSH were evaluated radioimmunologically as described by Schams & Karg (1969a) , Schams & Karg (1969b) and Schams & Schallenberger (1967) respectively. In the assays for prolactin and LH the antisera showed no crossreactions with other pituitary hormones. In the FSH assay, a slight cross-reaction with bovine LH and TSH was eliminated by adding a constant amount of LH and TSH to each tube within the assay. Testosterone was determined as originally described by Karg et al. (1976) . However, specificity was improved by using a highly specific antiserum raised against testosterone-11-hemisuccinate-BSA; there was a negligible cross-reaction with androstanolone and androstendione. Sensitivity of the assays was 0-3 ng/ml for LH and prolactin, 35 ng/ml for FSH and 20 pg/ml for testosterone. Bovine pituitary preparations were used as the reference standards for prolactin (NIH-P-B3, biological activity 24-1 i.u./mg), for FSH (NIH-FSH-B1, biological activity 0-4 times NIH-FSH-S1) and for LH (IH-17-BP, biological activity 0-9 times NIH-LH-S1).
Results
The hormonal profiles for the 2 bulls are shown in Text- fig. 1 . In both animals distinct variations in concentrations of all 4 hormones were observed throughout the experiment. A very close correlation existed between testosterone, LH and FSH peaks : the increase in LH and FSH levels was followed 20 ± 6 (s.d.) min later by an increase in testosterone values. Gonadotrophin peaks (increasing for LH from 0-5-0-8 ng/ml to peak values between 1-5 and 40 ng/ml and for FSH from about 150 ng/ml to peak values of 200-360 ng/ml) were followed 61+9 min later by testosterone peaks (basal levels of 0-2-0-5 ng/ml, maximal concentrations of 3-4 ng/ml). The elevations had a duration of 69 ± 15 min for LH, of 68 ± 17 min for FSH and of 128 ± 31 min for testosterone. Gonadotrophin and testosterone peaks occurred at regular intervals of 365 ± 33 min for bull 'Mum' (Text- fig. la ) and of 454 +15 min for bull 'Kobo' (Text-fig. lb) . In contrast to these hormone profiles, prolactin concen¬ trations were mainly characterized by two distinct elevations, lasting 188 ± 52 min during the beginning and end of the dark period and some smaller spikes lasting only 20-30 min. , 11:00 14:00 17:00 20:00 23:00 02:00 05:00 08:00 11:00
Time of day (h) Text fig. 1 . Concentrations of testosterone, LH, FSH and prolactin in peripheral blood plasma of bulls 'Mum' (a) and 'Kobo' (b) during a 24-h period when blood samples were taken at 10-min intervals.
Discussion
Rhythmic variations of peripheral plasma levels for testosterone and sometimes for LH Karg et al, 1976; Thibier & Martin, 1975) , rams (Katongole, Naftolin & Short, 1974; Sanford, Winter, Palmer & Howland, 1974) and boars (Claus & Giménez, 1977) . In agreement with these observations, we have also demonstrated a close relationship between the occurrence of LH peaks and increases in blood testosterone for both bulls in this study.
The interval of 20 min between the start of the LH rise and the start of the testosterone rise is identical with that reported for the ram (Sanford et al, 1974) but the interval of 61 min between gonadotrophin and testosterone peaks calculated in our experiment is longer than that observed for bulls by Katongole et al (1971) and for rams by Sanford et al (1974) . One of the most striking features of our study is a clear-cut relationship between FSH (parallel to LH) and testosterone changes but presumably not between prolactin and testosterone. As found for rams (Lincoln, Peet & Cunningham, 1977; Lincoln & Peet, 1977) , the peaks of FSH and LH in bulls were also concurrent. Calculations of the half-life for the two gonadotrophins in cattle gave nearly identical values of 35 min for LH (Schams & Karg, 1969c) and of 38 min for FSH (Schallenberger, 1977) ; however, there was additionally a second component of 127 min for FSH. The decline of the LH and FSH peaks in our study with relatively frequent sampling agrees well with these observations but contrasts with the experiments of Lincoln et al (1977) who used 1 h sampling for rams.
Our results support the current concept of an identical releasing hormone for LH and FSH (Schally et al, 1971 ). As we are not able to measure inhibin concentrations within our experiment there are no indications for a modulation of FSH secretion by other factors such as inhibin (De Jong & Sharpe, 1976; Steinberger ¿5c Steinberger, 1976) . The coincidence of LH and FSH release may be related to their synergistic action on the testes. FSH is believed to stimulate the production of an androgen-binding globulin in the Sertoli cells (Hansson et al, 1975) , providing a vehicle for testos¬ terone secreted from the Leydig cells under the stimulus of the LH surge. stimulating hormone (FSH) in peripheral plasma of bulls: levels from birth through puberty and short term variations. Zentbl. Vet. Med. A 23, 793-803. Katongole, C.B., Naftolin, F. & Short, R.V. (1971) Relationship between blood levels of luteinizing hormone and testosterone in bulls, and the effects of sexual (1977) Seasonal and circadian changes in the episodic release of follicle-stimulating hormone, luteinizing hormone and testosterone in rams, exposed to artificial photoperiods. /. Endocr. 72, [337] [338] [339] [340] [341] [342] [343] [344] [345] [346] [347] [348] [349] 
